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(54) METHOD FOR MANUFACTURING NITRIDE SEMICONDUCTOR CHIP 

(57)Abstract: 

PROBLEM TO BE SOLVED: To prevent cracking and 
chipping on a cut face, and an interface by dividing an area 
constituted of nitride semiconductor crystal into chips by 
using a plurality of division grooves formed on a wafer. 
SOLUTION: An n-type GaN buffer layer 101 is formed, and 
then an n-type AIGaN clad layer 102 is formed, and a 
multiplex quantum well layer 103 being an active layer, a p- 
type AIGaN clad layer 104 and a p-type GaN contact layer 

105 are formed. A wafer is reversed and n-type electrodes 

106 are pattern-formed on the side of a GaN substrate. 
Then, the wafer is set in a dicer and first split grooves 108 
are formed and second split grooves 109 are formed on the 
GaN substrate side of the wafer. An area constituted of 
nitride semiconductor crystal is chip-divided by using the 
split grooves 108 and 109. 
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3 5 o // mfto^y -Jz&simtzo t v y&wmmiz 
fci***»yaiLfc»K *B*yi*9 8%i2i±-efeo- 
[0045] *HjS6a>^!St?. *®*y &<p/rSa>fl2tt 

***K— e>^L/=H^a>S<b«!i#«i*S«±(c. 

<t b 2 y m£Mi£ l, i2 a>#j y sk*»-.i corny *- 

Scfcy t,3W5*<j£<. ^o. |gi <b* 2(DSijy^[z^tt 
T^^LfecirlCcfcfio ^fc. SB2<z>9jy«(zj;or9J.- 
+Lt=9J*L»3&<. aS«JK«EK-rf9J+tfifci6(cii. B20> 
9iy»fi«36>&»«-2 0>9l:y3te«PT*a)« 1 0>9Jy3t 
C0/SSP©f5TM^{cPJ5ir fi L3^ft < . SSif fe*-ifii(z^N 
*BB**Lfidi:«|»jLL; Bfao^^^ttlctOWTfi. 

ci:A<-e^fifc^-efcfio 
[ o o 4 6 ] . mia>ttt^ 2 (D9J y » 

i+^+ifitc^. ^(D«3fc®a**^<-rfi/=A-e&fio-.- 
[ o o 4 ? ] m ico9J y sws <t m 2 (Dtij y ««s fi 

3ffiSf±. -h^(DJ:d(c. 9iy3i*Sa>Jfct^2(D9jy^ : - 

89J*Lfc9j*t«*<. 9j y »»5©i£t>iK 1 com v mt^mm 
r fi ^ # . «riE9J*i«*<« 2 a>ii] y iit^ ^> tttixm 

SbJjfalzmtLtzk LT^i. jg 1 <D9iy/HK*<j£ufctf> 
ic. ttG»«|c9l4xfc9l4LtS3b<9K 1 <D9iyaiJS»(cll3t 

^t>rc<t7b<-^^fi 0 

[o o 4 si mim*m&&fiitpizmm K-exfLt 

3amrcol^iH-</c<!:Clfi. />&<i:tlxi o'Vc- 

<^*$ K—e>^LTt^3S:l^b«i#»#Sffi[clt-< 
r. §^(cSffi^9J-rfic<t^-e^tc 0 hvp 

-e^v&ft^tzmm&mitw^m&m wxii 30 

T. Ql«a«ftfi:ior4 C.fiE y (0 
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too 4 9] 3ISlcoiNTI£. 3tA^I±3&:t^36<; S<btt 

**fts«*«*Lrtv-6 i i i mwL=ft vmm^to 

[ o o 5 o ] ^mmmm-vit. m 1 o>»j y s ©ff^c: 
x^>ysu is<t>tf-A 

iV^XyH^f^li, :7^». IfcSSSS. 

to o 51 ] «B31«3Ej:3|^*ai: LTI*.- *3Ufe(DJ^ 

y an*;- * 2o>si ys*s<fe y *jk < L^ittt^^^t^ 
x^-fA— rc£:«ftia>fiyx]Mfc(*« fc^y 

to o 5 2] *tc. 4^klKa»MBi?a: r 2 oar yam 

^y^f*«fflLTt«t?4U^ Lfi*L6:*t&* Br! 

2<7>iijy^ff2/£(c&^T;fi. x^-r l 

IV 6 tt; loffl^fc, 3J^*3&<rt' 

ttT*«yc y^f^y^x^^v^f tejt^r- ^x/\— 
««fi*ic»->x/\— «my««isai^ag:t^a>-e« *- 

[0 053] *SU60>^fiT?fiv tS^tttx^ 

■^-f ^-f >£Jf£jSLfcj6<. mi (c) cfcdfc^ 
x/N— a>x^e?»»iz©^ — »a>*ii-3i*^fi6ur* 

y3t/Sap*-ea>«IBrffiBl3&<1 so/imfelTT?ife*cfc36< 
#*Ltv fcf=L. »ffi<8R«fi«fctf«»rffiatfi % Sffi 

[O0 5 4] f$fi(Dlg^'GaNSfi$lig 
LT1 5 0/!m8fi*t?*< Ltc*<. 

l*2 0 0|imlUTA<»*L<. L<f4l 5 0 

e>yt*cti:j:oT»i#Wi:<i:ofcA filrMtf) 

*M±. SMB. 3 0 0/im-6 0 0/imtfe-S(D(:Sl 



t\ iG a Nlffi±icait^MlJttIjb W 

KltteSt/l mS*tV l J, *©5&^3&<G aWSfi^I^ 

[oo5 5] *s8Hs<z>»«a>«fc5rc «' 1 ©a y ai'ooai 
^^^{iit, K2a>fyy3i(DawB+*tt«i:/»<-at 

£*rc. mi <©siy»ijR2©t(yaf ; t36%aurt^' 

[O O 5 6] G a NS«(7>m^a>TPSfSf*. WftHjbft 

14 5 O t± miaUb&^* L IV 
tO O 5 7] J»f|t ^e>^^ftfcG aNiif 

*LfcG "a N»fi$»<t**ai: LT, *i a>*jy^<D-. 

ras £ r 2- on y ^(D^ i oso m mm *m <itt £ 

20 IV ca>£#GD. WEfOHfRMKi. **K-^e>y*.4t 
fcG a Nftft<D*^£H«f::*' 200 £ mielTF*<»* L 

t o o 5 s ] mm<omm 2 > *n*feo>^ 2 t?r±. sr 

1 a>ay»* rc*3cDay**»rtLT. f^^t"' 

[O O 5 9] mZlt^ CKOOOD nlGaNS^ 

2 0 0. niGa N/^;77i2 0 1, n^A I x! G a 
l-xl N^7 7KI2 0 2, Sfil2 O 3, pMA I x2 G 

30 al-x2N^7^K!204, p IG a N =3 > ^ 9 hl2 
05. nllg2 0 6, PSIS2 0 7, gl^jtJS 
2 O 8. H3C0fljy^2 O 9^t>«rit*+LT^-S„- G a 
NSI2 O 014. MSit$5 X 1 Ol5/ cm 3 1° 

[ O o 6 0 ] B 2 0)S<b«i*»«:**y-f ^h-- K<D»3S 

to o 6 1 ] mtzmtm*m&%%9<< k»**»- 

40 ^r-r^o 

tO O 6 2] Ji |B ^X/\ — COG a Nlffii^il 

»=*U»BLT; §*K~t°>^fcGa Nlf(0 

l )M%mmT%!&Wtftel*fr*'T?&Z> 0 7^R« 

/v- £x*v^>yj!!i3i-r£ 0 ci<7)x^T>^^(4. 
Rl=«fcor±i:fc«BBS^»l«fcRSI»*L. pit 

50 ^£fcA6{C*T7o |*l\T. p|GaN3>^h|20 
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5Jb(C N P d (7nm) /A u ( 8 O n m) OMiZ^ 

Mitpmmmz o i ^^^j\~±m\z^mLt^ mm 

— J^^-otzo Z,<D^tiZ& y s piUMCcfc^^ 

S^L(C LT> G a Na««C. T i (1 5 nm) /A 
I ( 15 0 n m) n ifg2 O 6 Ox/v- £ 

/\~0)GaNSMJ|:, GaNite<1~100>J 
fS](C>^oX. ^^ 5 0/im v ifg3 0/im, t°^f 3 5 
O /imi, < 1 1 - 2 0>^fp] (MfB< 1 - 1 OOJ 

nru t°«Vf 3OO//m0, |g 1 tf>flj |J 3f 2 O 8 n M 

2 O 6 <D±fr t> A3 J* Lfco 

[ o o 6 4j m 1 3H±* S«$fJj£IEa> c <b &mm-t 
z>z.k pm&hi^ ^mmmmvit. m ^ oay m 

&> v 3? P HfeX CD ffimit . ^X/v- j&\ £><7>^ ^ ^ 
ifeCOiiUX. *3t®«a>tt:fcfc£SM[::. nil, p^H 

^-rf^m-r^o P^^s x^-f/<— <a^-f K$+ 

-e. §n <&a y mmucomztp&mziG or. tr^3 

iC^lTiiM (< 1 1 - 2 0>*|pI) tf ^3 

OO/im. I^3jUm, Mff5./£ ml?ft 1 <Da*J3fJStf 

tOf5(S**Sic^ox«-lslx^v-f -?~f& a ^aymizL 

T350/imX300/i m^CO^y «£ 5 (-X^ 

^-f^-f >£A*U «3<7>»jy»2 0.9S^JiE^ o 

[-0 0 6 ; 61 X^77-fm Jtffi^^^^*«ttL. ■> 
Zyv-Jf~^;i/^bHL©y, Ga Matffi«35v&g< 

3 5 O j« mx 3 O O mftlOfy ^lUffc, =f- 

f , rti^60)ii*^y i LfcRfr, *B*yi±9 2 
Co oe 7] **J6<D^®"e. $^yg<^swtt 

<hsg3(&ays£j&j«u ^3(7>sijy^^igi <oay»- 



irtofcc^i:, m3(osjy^smi corny ^/g^pco 

fS otW & C <!: fc £ y . .Jfc 3 CDfiJ y 

[0 0 6 8] ^fc. Wy»**««l(=»*Lfc©I±, 

10 [0 0 6 9] ^b^#^S^^|clgmK-t 0 >^Lfc 

[o o 7 o] ^mmmm-eit. m 1 ©siys^Mc 

& . E CR X y =f- > y ^(D^Sfe Sllv^Ci^^ 
^l^ hx^f>^it % ^^K. SM»Bt< ■ 

[o o 7 1 ] tt«nft-ai»A^r^ LTIt ^HffiCDM 

^-r Ltt^o LfrLtetf*^ m 1 a>pjy 
si*. ff-3a>nyam£-y ti£< L^(t*tr^*^^i^c 
x^7-<^:j;^ii a>ny-3R^(^ fe^y^f* 

[007 23 ^/c. *Ht6a>^SBT?l±. B 3-(DSJ y SfS 

owtfc^n (c) (c^-r^arc^x/A—cD 

Tt^l^o ^X/A— 0>ttKIS^1 SOAimfcl 

Tv *u<ii. *3a>iiy^is»*vib(Bs^fi«a>affi- 

40 [007 3i**j6<D^Ba>«fcd(c «io>ayai4i(= 
B3 6ay.**»jaursfflWfc*<«:ofc»»-c? % o 
xyv-£^ ^ ^»a-r *fc». k 3 <z>a y aws»^ & « 

L<r±.i 5 0iim^T-efe^ o mmmmmmcD&frcDT 

to. i*«0»f*Ei8t(Z)TElil*5O/imJa±3{)<S*L^o 
50 [0 0 7 4] Sfc. *j|J6<D^I6-eW«Lfc**S K~ 
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t°>#LfcG a Nlfill mm L^l^G a NSffiCOH 
[ OO 7 5 ] (il&fetf>If^3) ^Hffi(D^S3-e(±. % 

m y *o>jE»flnr » 2 <Dtii y 9t£Mt lt, t ^ :/smh 
at««j=»"r«s»«*ft-r*a>t-r*,> 10 

[0 0 7 6] C® (OO O I ) nlGaNlli 

3 0 0; nlGaN/<^77l30 1 v niA I xl G a 
I-x1 HO=?V KB-3 0 2. 0 3V P^A 1 x2 G 

a 1-x2- N{7 7? F il 3 0 4. plG'a Hz\U J Z J ? hH3 

os. natg3 0 6, p^»«3 o 7. * 1 a>»jyai 

3 O 8. ff3(D&riJ3f3-0 9* B 2<Z>W y » 3" 1 Ofr£> 
K^tl^ 0 GaNS^3 0 0^(CfiJg^J^1 x 

[O O 7 7] B.3.fDSfttt¥«fl:«%4r^ 
^fcotv-ciiUJfecDPS 1 ^l^lSTffc^o 20 

[ o o 7 s ] mLm\M*mfc§&b94'*-- vm^&M 

[OO 7 9] JzfB^X/v- tf>G a N^Kfitf£#f^ 

•i^ywiir; st i?.-tMs*LfcGaNiss(D 

[0 0-8 0] 3? l < itmmm^^m^ 30 
^eM^m^iM^teJh^^/c^ictrdo tti^r. p 

iGaNn>^^hl3 0 5±|C N Pd (3nm) /T 
i (3nm) /Au (12nm) OIC; Mttplf 

mMG>mm&mKi.&&h>. soo^c-e^nem+T? 

[008 1] SKKLKLT; GaNi 

Sfi'J(C x Mo (1 5 nm) /A I ( 1 5 O nm) fCj;£ 
n§y®i3 0 6£. U V^7 7<- ft»T!/1^-->JF^ 
"T^o C(Z>B#. jSSjSgfi|(Dp^m®>^5i— ><0JEMfcffi 

y * £ j&jjR-r-* < s i*a>s« £ t ^ £ 
-lx:^-t±^o 50 



[o o 8 2] WE^^v- £2V If— (c-tr^ s U 

X/\-<DGa NS«$]|C\ < 1 - 1 O O>*tn](c>^o 

<i i-2 0>iisj (H!ria*iPi^sie*fpi) 

T. ^$2 0//m, 8R2 0/lm, tSf3 4 5/im 
<D> I10)atJS3 0 8»Slfco !£1 <Dgyysf± % 

n 3 0 6 jftT I*** U^tt^fCK*^ £ C £ 

[0 0 8 3] ;^(c N x^7^^/<— Kttt?. 

*io>iiyai*»a)Ki$iti*iac=»oT. tV^3 s o 

U nru 5 /i itk £gfg 5 jU m£< 1 - 1 O O >*|pJ(C 

-m*<7^jy-tz> 0 mz, %m<o^<?^^^mz^ 

LTSia*fi|-'«1 1-2 0>*|p|) t?-;f3 4 5 

m. £££ 5/im, tg(g 5 U rnTsm 1 (7>*J V ; 3f KflSOH^ 

5 O^mx 3 4 5 /i m||<D^V^C7^^^{c:X^^-f 
^^-O^A^l. *3<D9jy*3 O 9 SMtS 0 
[0 0 8 4] ^t>T. ^XA-0Ga Niift||Cgiy 

(p^Ga NI3>^^ KI3 05f® _t(d t°^^3 
50/im. i^^O. 1 /im. |gB 5 ^ m=fe< t — 1 OO 

*[S3(C^LXSM7JfSl (< 1 1 -2 0>7^|bJ) (c; -|5j 
X^7^-f -?Tf& 0 C0iCLt3 5 0/imX 3 4 5/im 

ft&^v Zfiz /j:4cfc?{:x^7^ <T > £ Aft , 12 

a>fyy^3 1 ojff««c tc/£L. W2(Dsiy^3 1 
o<o^^fig(±. »iE«3©at'y*3 o 9<&r^-stL 
fcfigtt^b «2 0>ffly-3t3 1 o^Kbsjy 
,^3 o 8 ^^««=*ffi*<aa**LTu*L^e<c^j5s'-t" 

[00 8 5] X^?^^^. K£^^£jgjftU O 
^^~-^;u^^^L^y v Ga NSIB^bg< 
n— ^— tax*»f=:«fc-y. 2-r >iF0<7)^x/\— 

n^ma>«t^«i*«iytBLfcBfr. *f*ytt9 8 
Loose] *siJ6a>^JB"t?. $^^<iia)}f^ 
k— e><fLtzm&<omitm¥mtbm&±iz 

^ Js^fii^fegfcB 2 o>a y m&m& Ltzz.tiz& 
icoutd ^i^icxfe^o 
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[oo8 7] &mM<w&mxit. mm <©ny 

Ltz±<< o x>y hx-vf k ^ -< 
x ^ =f- >?miz& zib&tbtt&Ttm^&m lx & a 

x ^ > > == g > nyg^ > bf — A 

ECRX'Vf >^;£^£>^>£ C t tfX*£ 

il*v S2 <^ * 3 (DM y J: yt»fi< U3BC(t-*u«a t> 

y.»*Li*£i*L*x.aB;i>. 

[0 0 8 9] *Mfc<DJW*-T?B: % §f§2£§330>il] 

y. «*S<0 Kmiz^V < / Sttffl L fc ^\ _Lf E x -/ T 

IS t ^^(DSiyipicfeiNtit x ^ ^ -r 

[p09o] Sbi;, *H*6a5ff^®^(i. Mcx^ 
7-fC^-7:rf >*iF^I* Lfc*<. H1 1 ( c ) iz^ & 3lz+> 

Q ti n>jaT> ^ L<fi. fg 2 <0f ] y 3 (7)flj 

y*JS#^=T?03lia^El(|Af1-.-5 O^mPiT'efe^c:*!:^ 

k— z tix i\&m^om^v fe & . 
[o o 9 1] *hs6(d^st?> am K— tf ><7 L 

t4fc«)|i:ttGa NSffiOl$li2 00// mElT*<KF£ 
L < . £ ?>(C»^L < f£ 1 5 O/iml^Ts 50/i mUlJl 

a>«.y ntommt mB(omi i )m(ommt<ommm^^ 

fcf >^£fro*:Ga N&momfrtmmz, 2 O O /i m 

(H!6a>^4) *iijte(z>ps4{i. mmcomm 1 ox 
jg 2 a>9J y gian* ^\ sit«i*»tt:a§*;.H(3>fis«fc y s 

[OO9 2]04lfc CS (000 1) niG a NSg 
4 0 0. nlGaN/<777l4.0K niAlxlGa 
l-xl HO^V Kg 402, ;Sftl403 vP lA I x2 G 



a 1-x2 N^^7 V KJf-4 04/piGa N^>^ <7 hjf 4 
0 5. nifg406; plll4 O 7. (094-31 
4 O 8 > ..«2-<&Sjy-»4 0 9*6«J***L^^* 0 .-»E 
G a NM4 O O «Xlt-2 * 1 O" / c m 3 £ K 

[ o o 9 3] b 4 (Dmitfo^mtem^^x— wmm 
[o o 9 4] eiTic^. ±iESHb»*aw*as3fcy<^:— k 

10 

[0 0 9 5] ^"T. -LIE'S X/\— (DG a NiHiJSSfl 
«(CctyWSLT. **K— L°>^*4xfcGa NlfiO 

% L:<:»*«»fc*t?*gi*6ftaa***T?. mie^ 
mmiz^^x^t^mmm^Jkismtm^m^L. P 

lO O 9 6] ^|C, MIB^X/N—^U V^^^^— 
20 7X^11^1, (piGaN^W 

h^-^o K^^x^^ ><?iz cfcoT ; lufS^^®-L(c v 
<1-10o>M;^t, i££o. 5/im. IKK-t- 

0//m 4 fef 3 5 O fjt mt . < 11 - 2 O >*f|p}(C>ft 
oT. O. «10/im, 2 50/i 

mCO. jg 2 a>flj y 7 ^ 4 O 9 ZMfRLtzo *:0)'&. 7X^7 
£®?yj^^. plG a N3>^ hH4 O 5_LC\ P d 
(4 nm) /Au (1 O nrn) (OMXy IMpiiS 

4 0 7$J^ja-r^ 0 - C<7><!:^. 'JV^77Y-S^^ 

[0097] «rfEp««^fi6*frofc'>x/N-~. . 
[0 0 9 8] (piilif«) 

l=tt*S<~h*ttf4-L. ^f-(Df-^±l:GaN 
SffifiO*±lcLT?iy#it. Hffi^*v^"CBsE-r*. 0 . 

^^^Ga NSfi«S^f±|C % t°^^3 

5 0/inru ;^^2 0jfim. «50//mh t°7f 2 5 
40 0//m, ^20//m, «fi5 0//m©, » 1 ©»J y 3f 

4 0 8$. ^^l^H< 1 - 1 O 0>*fp)<t< 11-20 
>*fpl{C^/^Lfco C0iCLt3 5O/imX 2 5 0/i 

i©»y/f4 0 85M«o tztzL. sb icon y at 4 

[0 0 9 9] ^Vv>^, Kffi^^y^SWttL. 0 
ly\-^f-^bHl^^ ^lA»(J)GaNi| 
^J11 5nm(D^>^X-r> (W) /RHL 1 
50 5 0 n mO)7Jb5 (A I ) Cd;^nlii4 0 6 
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T y\ 2 -f >f 0(?)^x/\-^ P> 3 5 0/imX 

[o ioo] "*S8"J6a>'»»-(f^ U6< Rfr^O^tt 

*s* * ■ k— t° > ^ ufc mmo)mitm^mwmm.± iz 

[o 1 o 1 ] y , jSSI4,lS^pia)ita#i 

i&fpt*< K— 1° > y £ *L T I* -5 #> 5>i»l7b<^ X |c «: o C 

<b <t . m 2 ©ay *j£»3&<s^4*i#«**'*H&» j: y 
tas< ; T*»yai36<«iz©»vsfcfc y trSMBiwti* 

j®«»faEStT?»]tLSt=i<)ic(± % m i <z>a y sne»^ e>a 
m zom y ^is^"F^(7>m t a>a : y : »a>js«©fir»*Mc 20 

to 1 02] ^fc. «2G>9jy3tlS«*<. SfbS^f* 

sis?- &t;±&&<4 m*^&o>§t&m*m£*z>z.t 
[01 03] L^Lftjws. m 2 <d§ij y =$1 

[o 1 04] ^k«a^S«^«*(cffi^ k— e^Lfc 

[0105J *3Ms<DflsfiT?tiu 1 a>ayai<o^(c 
a. ecri^ ^ >^^<D#sfe*fflu^ & c £ #■ 

£ c 0x7 hx-,^>^ft. S&JSBL 
[0 1 o 6] tt3aMft3f^ric*ai: Itli, *HJ6(D^ 

ft. x^^-f^iCcfc6JBi<Diiy3H&«f4 % fc*y»* 50 



To t 6 7] Sfc; *kj6o>^j6t?ri. *^<D9jy3HS 

#L\, L^Lft**&. *8tJ6a>flS®(7>. «20>ay3f 
ft. K^-fi^fVyaSfctt^i'y hx^f >^;£^ 

^^Ctfc^y. ^fiElCct^. M<b&l¥«f*#£7fcJl 

^ v X ^«B3l « fr 5 fe ^ o 

[o 1 0 8] Sfc. *jll6©^lB-e. ttHiK-- fcfV^L 

fnGa NSIJilttl OO^m^^7?»< Ltc 
t^fc^lClid a N&ffitf>H£l£2 O O /imiaTTb^^ 

[0 1 0 9] &fz. If K-e^^SftofcG a Nii 

^<-r^^;£<h lt; fg 1 a>a y * 2 <dw y 

L < ft 1 5 0 jU mJ^T, 5 O // mi^Jb^fe^ 

*HSfe(D^|gCDfJ y H 3 com l JMt It, 

m 1 eowy ^*testMi« 2<^ay^*l ^ u<ft. m 

f ^^itt*tl\ Sfef gl (C) (C^tefc^ 

r c , m 1 ©a y ^ * t <ftm 2 <nm y ^o>x > 

ii^. 5 € L < ft. 

B 1 CDB«J y 31 JS«*^ t>» 2 <DfJj y 3i«»*t?a>WBrl©» 

[0110] (H*fe<7)^®5) **S6a>^JS5ft;'Hl6 

[0 1 1 1 ] |U5ft. C® (000 1) n^Ga Nl« 
500. nlGaN^^77l501, niAlxlGa 
1-xl N^7^Kl5 0 2;ai4l5 0 3, plA I x2 G 
a l-.x2 UO^ V KS 5 0 4 N p^Ga N=3>£^ 5 
05. nigg5 0 6, pltS5 O 7. Sg 1 00*1 y* 
5 O 8. SB 2 (bay 9(5 O 9A^«f*$*trt^„' MlB 
Ga NSfi5 0 0ll ISfUftSM X 1 0««/cm3* K 

[0 112] H5(0Sfc«B^«tt:*3fe^-f^--K©»it 
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[0113] utiz. ±umt^m&%?tv k 

LP 1 1 4] 3T*\ -hfHOX/\— (DG a NSil^Ml 

MJI:. T i (1 5 nm) /Mo ( 1 5 O n m) (Cj:^> 

a NSffiflfJ(Dp < : nBttfl$j£B) ±{C V t°7f3 5 0/i 

m. 1 O OjUryu , ; ltK9 P ^m(7X |R. 1 y jg.5 

0:8 ; ^ f|l^<|-1 O 0>3f[£]£< 1 1 - 2 O > 20 
S«otMLfc a CC0«iCLT3 5 O/imX 1 5 

o // mft £ Jfc 5 l-^-f *»^-f >£A 

*u s& i pffl y ^ ^ p s &»m-t & Q m 
[o 1 1 s] $s^if^i5±(cLt ( P SG 

&cHb^/hV^o <X ^ ^ >?IZ cfc o T . ttlEft.A 
iiJc^pJbtC. ^4/im v |!fl2 O/im, fcfs/T? 3 5 O 30 
/imi, ^4|im, it§2 0//m, fc° *>-f 1 5 0/im 
0). p;2(Z>Sljy^5 0 9^, -^tl^<1-1 oo>s 
Jn]£< 1 1 -2 0>ASl^oTi^jSLfc 0 fcfcU |g 
2 COflJ y 3| 5 O 9 0>i»JiKffiKlL * 1 Si y Sf 5 O 8 (DWi 

v%o>m$tp$:i$L±izmtm 2 (Din y ssog *<-grr& 

[0 116] ^CD^. VX^£8iy|»£ % p^Ga N=3 
>^ahS505±[C, , Pd <2nm) /N i (2n 
m) /Au (10nm) (OIHlC. U V << — 

iL^i*ttpIS85 O 7 J/ : ^->iSt§ 0 40 

lAlWb, 6 0 0 0 C-CN2tig4»'e7--^*fi : 
[O 117] :%IZ^ ^X/N-JglLCLT, G a nS 
b350/imxl50 iU mftO)? 1 ^ ^££ft«/=. 7^ 



x»7^eitKt;w*«**.< . *-*.5t/x— sty 
ro i l 8] *hj6<dj^st% *H*yft<nffa<»»tt i 
mm* K—tf Ltzm&(Dm<tty*mi&&m±iz 
sj y m&%mL. mmm zom y 3f /ga£s<b&#»tt: 

R £ «r|E&« £ <£>#® «fc y £ ;Sg < L . % 2 y at 

r*» i-©*y.jjM»* y tftcniflfcufcciirccfc*. o£ 

^£ ftT t fc^^fJj^^ic £: o c ,t t . m 2<Dfij 

y mmpt<mt^mwmtmmt<h^m^ y tas< . 
is tpsiy,*A<^2<o»j.y»«fc y ^^s^/sivc^tcj; 

gtx«^^fc<fercf± % |g 2 (7>»J y Kttff^.&KSB 2 ppj 

y sis^PTTjom 1 <osijy ;goisai^^M^(ciij^-r^> 

m^(D^m 2 (z>§ij y s$^^«ij<d@(c^ Ltzo 
y *fi.t?B,?^«i .ysHRA^ft^p'A^ mm&mm 1 

[0 1 1 9] $ &fC. .|g ; 2,©.ffly,|Sl^»^ s-fbfe^ 

*-r*-^t*ST?'*4. -SBza>wy.*iiE»3&<ta*.* 

« - 1 ^X#^ 0 ^b^^^ffi+^S* K-t°>^ 

[o 1 20] *nm<Dmm-?it. skdii^^mc 

x >^«|sJ:41b¥n^ttl?ai£»fiK. L-r ft 
^ 0 ^x^ hX7 ^> ^fi . ^Jx.(^. f»jgit. 

l«pa<6» SB.iepay*i±. «2a>»iy.anBj; y 
[o i 2 1] ^fc. *HJfeo>^ffi-eri. S62<D#jy»fs 
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omnuz- k 3 *f x ^ =r >?&mm l /c*<. o x ? h x ^ 
i± . k ^ -r x ^ > tz i± o x v h x v t > vmt* 

fi'ti»*Ll^o ^tt^CDX^^V^^^I 

t o t 2 2] *^jfeo>^te-efi. II a>fij y-j&fcjs 2 o 
* ^ ^si-r s fc a ; is 1 (om y 12011 

«IKiEi(i0>~FIB«li 5 O U mi±*i$ b"lV 
[0 123] ^fc. *il0ii^lilfcgl^ K~ 

*i O O ^irn^y €ft < LXLA^V C <7> C i: (C «fc y . §«J 
[O T 2 41 *H*feO>ff2S<DilJ y SlCl ftl x. T . |g3<DM 

ya*£ it. mio>B«y^fe^iMim2^iy^. 

>*feWtr^^^*jLria^o ^fc. 01 (c) 
ic^idff; n t coiaysi* l < [*!B2a)Siy3ia>x 

5 o matT?*i , e'fc^*lis 'fc*= 

[0125] (n^co^se) *Hitg(o^©6tt. mm 

^cr>H^ 1 s o il m) igffl K — tz>-t?i£?r~DXl^tjL 

i^mtm^mi^^ mm^m^i 0 0 u m) izmm 

Ltzsimt. mmtimmi kmcx*&& 0 

[o 1 2 6] *mMa>tem<r>? vzfftm\^^xmw-t 

m*r*a>fc-r *o ^x/n— (dg a N'atfi«««Fjai«icc«i; 

J5S£1 0 0/imC« o 

[o 1 2 7] mriaox/\-~ fCcfc y; Ga 
m<7>«ia>9jy3H oaf, «|irtMa)Btx^7-< 

/<— fCcfcy." t: % ;f 3 50/fm, SESO.. 1/lm, ' IBIS 



5//ma>B2<DSijy^ j i ogSBi (b) rc*-rtt^» 
li. KrlB3Bia>ay3M o sa>J8te(Df5^ASi:— sk' 
iSjfi; SM^ftC^LK 1 1~2 0>^fc!Kl 
[O 1 2 8] X<7^-f 3f». Kffi^-fr^^SWftL. O 
-7--eff l ^ T £ IfMC J; y x 2 CO O Xy 

Mauffiif* *s*yi*9 2%&jt-t?fco 

[O 1 2 9) *HJfe<DJ^ST?. 9 0%J^_hCD. 

0 . -^(c^offi-r s c t < . m io>wi vmtnzcom 

< Htk L-fc C i: (c J; § 0 y v ^fig^^tilBj^CO 

11 ©SiyatA^SBaosyaicfcy 

& y . m2(DSjy^(C j;oTilJtLfc9itt^75^ iSW 

iE»T«iL«fc m 2 (D9J y ^jsto^si 2 a> 
sn y ^jfe^T^<z>® 1 co»j y ^a>j^^60f5iM?bMcf ij^-r 

1 . mm<D^v -jftm t^mm-r sc <h^^-stc^T?^ 
So gtsa)«^m2a>9j y **«ik«*a>®(z^« l 

30 <D*jy3fKtm2(ogijy^e7b<mftS3®4fi. mmcorn 

[o 1 30] nmommi ttt^&t. ^^^a>*s* 

'>ft < 1 1 2 Oi^_h(7>Slj y -ffifC^ ^ 

^w-rsts*{cit-<T. *s*yi*tti o%ki_ti£]ji 

& 0 ^l 7 hl7f^{t 

mmmk&Mtbm&m&mtffc&o tztzL. mibx^^ 

[0 13 2] liSttft^jffi*^^ LT(*. *Hflg<7>^ 
50 ^-f ^l?SffifflLTte.'^o L^LfeA<b. Bl OSjy 
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[0133] *HJ6o^®T?ri. Kttcx^^-f^ 

-f>*ff^Lfc3&^ Hi (c) iZ7jk-t^5lZ^JL/\—(D 

t. < m i o>a y bf2 <d#j y ansa* 

*.-x?a>WffSli*< i Q o u m^fe^C^Wt L 

[0 13 4] igHt£ H-t°>^LT^^l^bW?ft 

fiffildu tS** K— tf L tzMitm^mi^^mz:tt-< 

»* L t^. *SSW# & ic «fc 6 Hitlc igit K— tf 

LTlV3feL^b«S#»»;S«a>»*tt 150/fm 
JaTj&<»*.U< <.*.&U:»*.-L (ttlOOju mJUTrt<# 

J-^M* UtV £fc. JgfJt K — tf ></<*;ftTl x &:l x G a 

is 1 a>ayafojg^£^ 

50/i m£TF;&<#* L < % S,&|Cjff * L < I* 1 OO ji m 
£HF. &O.0m£Lh-efe£ o . .. 

[ o 1 3 5 ] (mmcomm 1 ) *3tt6<Dj&® 7 it. mm 
(oi&mzo&m k— tf >^ LfcSfe«!*«i*s« (is 

l^Slblh^HltMtC (9flt(Dll^2O 0jUm) IC^M 

[01 3 6] ^siteco^ecp.^y.^sijico^TKM-r 

[0 1 3 7] ^X/\-fl)Ga NifiajilglUUi 

sir. Mm K— t°>^*^n^uGa Nitoi^ 
?20o/i m(c-3-£ 0 MfS^x/N—^^Vi^— (Ccfc y- % 

GaNStti:, <1-1 00>^rS]iC}^or. ;^*5 
O^nru ig3 0/im, t°^f 3 5 O /imt, <1 1 — 
2 0>SfB]|C^or, }3!£5 0//rru gtl3 0/im, tf 
3^1 OO/imfl), «ia>9jy»2 0 8^^fiEfSo tt 

<7^-f /<— (Ccfcy^ < 1 - 1 o o>^-fp][c^or. 

j££ 3 jUm, «*S & // mit v < 1 1 - 2 



*g5/im<D. JB 3 (Dftiy St 2 O 9£E2jSLfco fcTc U 

as 3 cotij y gf 2 o 9 (bfe/s&Sf*. Sutsm i,<©« y 12 
0 8-a>j6ffl±(c. »iB«.io)ayai«iBa>^S4i*«t- 

[0 13 8] X^7<m I^f^ML, ^7 
XA-Jf-^^LHy, GaNSfifl^P > g< 

□ -7-T?ffLSr§*l:<fey, 2^>^#CD^x/\— 
^b350/imXlOO/i mfttf)^ 1 *;/ ^^if/; 0 ^ 
^ ^O>^0 #r® l~ ^ ^ ^ . =f- v fcf > ^Hj6<5§± Ltfcb 

10 n^jft<D*^**»y.a4LfcHf. *H*y(*8 9 

[Ol 3 9] *SUfe0>fl^5ST?. *B*y 8 5%J^_h(^). 

yais»*u. H3(D»jyai**i <oay3t*(=«jaL 
fccbic^-Se o^y. fiJcftKtaffi:ti^i^(o^bfti# 

t . sk 3 oa y 1 y mm&ftm&tp&mz}® 

»J*t*BA<; m 1 (DfiJ y S{:ctoTi»l:i < £rof-Q5 

i©My»K^^2(Dfijyv^te^m^ mmo 
[o 1 40] mmcotemzttt^&t^ ^y^a>*H* 

y7b<MTLriN^(7)ii. S^b«a*«(*Sffi*(=** K- 

'>^p < t-^ 2 9a±©a y m&Mmi*-?^ -mzTv 
^a-r-^tts^Jt^r. *«*yc*»i o%jy.jn«]± 
LtMo s*btt*wtes.«i*i(cdeiti k— if >^ l tz.m 

[0141] *n*6<z>^is-er±. li a>Sjy^M(: 

K ^ -f x ^ >^-efc*U£. SJCtt-f 
40 gfc. ECRX<>f>^0^^L^c^^J 

^> 0 ox^hx^^^it mx.n* y^m. mmm. 

[o 1 4 2] «aSWft*f^j3E*;4i: Ltll *SIJfe(7>^ 

aw*. J8 2©ay*B«fcy tfi< ufti+jxtfjft&fttvfc 
*>. x^^-r ^(=***i<oayai»rttt. **y»* 
50 Li*titi^7it£i\ ^tz^mmmmxit. mscDm 
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[o 1 43] *mm(DMmx*i£. ^m^o^-i-j^ 

-f >£i£j£Lfc;6<. mi (c) lz^~f£?lzOzcs\—(D 

-ct&tv c<Dm^. (ommmtfi o o v™u 

T. ■* L < 14. ' SB 3 com y atJSSPA^«SSjSft«0)Sfii 

t;- 'f ^ :?#«J3&*« L < \ S«(/>J^£* < -T £ c £ A< 

mT7b<£?£ L < \ S lc»* L < it 1 O o u miilT. 5 
[O 1 4 5] *Sgt60>®Jga) : J:d(C 11 <08iyai4"C= 20 

zz/\—&^y -jftm-t 13 <dsj y suss*** t» is 
mm&&ika>mfrtmmi^ 1 5 o ^ mktTrtw^ l 

< . ££fc£P*L< 14 1 O O /zm£TFT?&-5 0 BfrlH^l^r 

^ £ . m^ib&t-tbO zf a -t? x 4* ic O x / \— ?b<fij;h, 
£TL£5fc#>. S^i£S<Z>TFKffil45 O // m£U:*>< 
a*LL\* 30 

[01 4 6] *mm<D%mxmmLtzi&m& k— 

&&U(D&ft 1 5 OtfmJ: y tK LTWo ZZOZit 

iz cfc y % a y Xttsift-e tttttt $ *U= < 1* «fc 5 l= l t . 

t v -?&mmz± c z> . ^ * > ^ e > $r 
[01 4 7] mmmms) *nmo>Mmsi*. mm 

^a)H<^2 oo/i m) igit K— tfi/ysfroxi^ft 
i*S*b«i¥*f*S«- (WS«0>J5^ 150/im) (c^H 40 

[o 14 8] *mm<Dtem(OTvzf#miz^i\xm.w-? 

H££ 1 5 O /imlzrr*.- «lEOx/%-^^Vit~-(c^ 
y. GaNifiBC, <1-100>^|£]|:^oT, 
£20/<rru fc° ^ =f- 4 O O // m t . <1 

1~2 0>^|S]raot. ;££2 0^m. ja(g2 0|l 
nru tfyf 1 OOjUm©, !!M <DS*jy^3 O 8£ff£j£L 50 



fc 0 »E«joiyy*j6»ji©isiacctJ*ia(c» : 
or. x^-f iVcty . <i-'ioo>*fit, t° 

^^400/im v US/im, ^te5//m^. < 1 1 - 
/imfl), IE3(Z)i(y3t3 O 9*fl^JiELfc, ^^>iC. 

jafi«y<©®ir: % <i-i oo>^raot. e^^4 

OO/im, ;^^O v «R5/<mt % < 1 1-2 

0>^T(p|(C;ftoT. t c '>f lOO/im, ;££0. 1 /i 
m. SBS/lmfl), ft2 08(y'3f3 1 0&mf&Ltz 0 tz 
tz Li : « 3 O^J y 3f 3 O 9 (Ofl^fiEfeaii , BfFffilg 1'©» 

y at 3 o 8 <7>^^±[c^i5n i a>« y 9Mti«a>»s'4aA- : 

«^:-aLfcfi:Slc^fiEL. «2flt>9iy-3f3 i oqm 

sjiB*3<Dsyy'3t3 o 9i:(5fs— stL^fia^' 

[O 1 49] X^^^f^. XffiT-V^^^ffttLj 
xy\~^-f-— ^tx^^^L^y . G a NSMi|AN bg < 

fr&40O/lm'x 1 O0/im^0f7^liifc 0 T 

vzfommmiz.'?^ vo^ ^ v t°>^<M ir^b 
mz^&comi^&m y Lfc?^. y i± 9 2 

[O 1 SO] *SUfeO)^jB^; *Bft|-9O%a±(0; 

-^(c-^^-r^, c ^^<; jg' 3 (Did y t^>m 

fficDfiatcm 2 (7>f«j y ^^^^ Lfc d i fc* ^ c:b>c 

mm ay ? v izwm-t&z- 1 z&tz&x&Zo 
nmotemz ttt^zt. ^^^co^g^y^TLr 

*(cit-<T. *H*yr4tt'i oo/o^JiiPiiLrt^^. 
[01 51] ^mmommxit. % 1 (omvm<»Bmz 

x ^ ^ > ^ -5 it^Mttmx*m «MLtta 

* 0 Ox^ hx^^>^(i. «^.tf. 

[0152] ttJiwftaffl^ja*^^: Lxit. *wm.o>M 

Mxmi\-Ltz#4zs><flz:&Z>j\--Z7j3v horn. 7^1 
=5<< ^**«fflLT*fiLV L^L/<fA<t). IBKDSy 

*i4. ff2&«3<DMyamj:y *u£< La«t4tfift6- 
tjn^tztb. x^^-r^i=cfc*!Bia)ay3f»rt(4. fe^ 

y^{ : i 1 ^Lt^<t^4l^^^:l^ 0 
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[o i 53] £tz. ^mmmm-vit, mztm3(Dm 

[0 1 5 4] *^<Dfl$SXj£. IS^ttfCXO^^^^ 
-OmmLtztf. [U1 (c) f^ir^dl^x/v-tf) 

ttgl^ C a>fg|RI5*<l OO /iml^ 

~f\ t» u< rfc f 2 cDfij y corny s/gsp 10 

Hi k— tf >^^^t t^^n^a)i^T* fc s 0 

[O 1 5 5] ttfK£ K— t°>y LTUft.U^b4j5#«tt: 

'«8(=?"&£:tf>(£(d:G a N&«(7>Jm£l* 1 5 0//mHT 
^biCff^L<{*1 O O /im£LT\ 50/i 
mm_h36<»* L7&^fc q 20 

[0 15 6] MK-tf>^tltt^GaN 
S«±MfIlT*<f^ttp, 8|S&.fi(C»G a NS 

(DM y »^ft^)K3^»>J:^lK«.fcoaKE]B£)S- 

fc?>#£#-oXV>ftfe>G a NSfiO>lm^<t|^#{C 1 5 
O/imjilT^tt < $ Z> IZB^L <(i1 OO/i 
T\ 5 0/i ml^±tfe^ 0 

to 157 j (sutorajg 9 ) ^mmomm 9 it. mm 

&GQK<?f 1 0 O /irn) ^ffi K— fc e >^^^ToTtv^ 
J¥*£ 8 0/im|C-T^ o 

[pi 5 9] mm^?^/\— £ k^-t x^fv^ic^o 

T. < 1 - 1 o 0>^[pj(-}9oTV 40 

1 jUnru l&fral 0//nru tf'yf350//mt <11 — 

2 0>;£ftrc;&oT. 1 /im. ^*I1 O/irru tf*;/ 
^3 3 Oj«m0 v S2(08|y3f4-0 9S^Lfc 0 ^ 
X. GaNS«l(DII:^VtH:c):^ <1-100 
>*Inl(C5^or. e^f3 5 O /irru S£ 10jtfm. i 
*§5 O /im£. <1 1-2 0>M(C^or. tf'V^3 
30/im, SB5O/lm0, IglCDgljy 
*4 0 8$^Lfc 0 fc*£U n a>»jy^4o 3<DM 

m&wit. m i a y »o>a««is+ A(c«hbsb 2 on y 

*4 0 9A<-at5«fc5lCt4o 50 



[01 6 0] ^-f i>>^. Kffi^V^^^WHftL. ^ 
^^—^;u^vP>^L^y . *SSJS:K«frS&< n 

b35O//mX33O/imft0)f7^iSl#fco 

if\ n^fit<o«tL^**«i-yuiL-fcHf. *tf*-ytt'9-2 

[O 1 6 1 ] $B*y9 0%^±(D; 

-sicwk-t & ^tt±< . 1 1 <t m y » 
a l. as 2 cos] y »sffi*s<btt*»ft**:B:SSvfc- y 
^KiiL, B2 cd^j y ,=» f£» 1 (7>sij y site* y 

[01 62] o*y. n6«KtiS«*i^iga>s^b!|ft^ 

K 2 o>»] y «jSfiP*<S'fb«i**ft:ag3few&jE<}: y *>m 
< . a 1 a>a y ,lf 2 <r>m y 3f cfc- y- *8HftW£i\c <b 

*2a>»yatic<fcor«*Lfcti*ta*«: 
»f ffi»-e fc to r = . a 2 cofij y ^jsffljbN 2 
(o»jyaijs«PT*©si 1 a>sjy*o)isaj(7><or«iAM=:iijai 

[O 1 6 3] ^fc; S2(DiUi«S^ f ifcfef f 

aeateSttaj:-y t^v^a^ ^^^fij^ic. e 

(cr^nKLfcfcto. ■ ^n-bxxss<a*trt3&:y - 
-f ^{cit^r^e^^ < . y 0)^^ 

Lfco 9twa>aki^«2 0)«iy-fl|$«aA 

fc^o ^fc. Ib 1 <Day«K^a20)fyy^e*<^?s:s 

SSI*. Hffi<Dff£Si <tf^^-efeS 0 HJ6©^JS4'tJt 

[0164] ^mmmm^it. muomyMoi&miz- 

So hx^f>/?u fiijx.fi. y^m. mmm. 
[ores] «Bsn«cmtt#a& itft «ntt(o» 
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zr*f&mmuxb&i*. Lj&>L*j&<t>. s§ia>sjy 
mit^Kz-am^mt^ y ft** 

[OT6 6] ft-, *HJte<Dfl2®T?r*. m2<z>fijy3iti 

(iv K7-f X7f >>fa^fciiOx^ hx^^>^< 
-w <b led; y >: ^ff^tCcfc £^b^#f*3&3fcJl^ 
x?^>^£fr? tzisbl^it. U ? -f — tttSf::* 
[ o t 6 7 J Jglit £ F-~ t°>^lt i^te l^ibfo^mW 

^^(^t «fd«X£(£G a NS^H^fi 150/1 mSHF 
j6<$*3= l> < „ $ -;6lCHv* L < t* 1 OO/i mklT. 50/i 20 

[O 1 6 8] mm K — fcf > >^^^LTl x ^f U^G a N 

i co#iysa>^^B2<DMy^(Djg^^^©fsg^^ 

tf>#**VCivfct>G a NSS0f^^|^1|[C, 1 5 O 
V mVLT&»ti.l*< . £ £ l=» * L < {£ 1 OO/i m&L 

[o 16 9] ^mmmmcDmym^m^x. m3<Dm 30 
y sit Ltv m 1 o>»-.y iM±m 2 cdsh y > 
t.Kifc mi ^«2<z)»jy3is*ic. x^^-<^^-r 

>^ff^LT^^^SiJLTt,at> 0 £/c. HI (c) 

(c^cfc .5 rcc 11 o>si y »*L< 2 cDitj y »ox 
[o 1 70] mm&i&mi o> of*. 

(EFS&tf>J?<?*3 OO /im) *£|ft K— tfV^fto 
TL^^*b«5^f*gfi (lit0g^2 5 0^m) 

[0171] *mm<Dmmo>Tvzrftmizr>i*xmwTt 
& 0 ud-c, ^mm&mttt. *««jic#^- asanas 

H2£2 50i«m(C-r^o WfB^X/\— £ K^-f X^ 50 



>^[C^oT. SSi«S«(D®fC H <1-1 00>^[S] 

mi:, <i i-2o>jflc»ot; ass^/im. mm 

2 O /im. t°^^3 4 O /im<7X *20>9jy3|5 O 9$ 

y. < 1 - 1 O 0>*[S3(C>^or. tf^3 S O/im, 

1 OO/im, fgfg8 O/imt <1 1-2 0>*laJ 
fCjftoT. t°7f3 4 0//m, £g£ 1 OOjUrru &fn 8 
O/lm®; 1 10fW^5O8*ff^Lfc o fc/:U 

1 a>.«y»5-o 8 m 1 sjyaKoaefsfS 

*Alci»fEm2(D9jy9l-5 O 9 36<-&-r-6J:5f=-r-5o 

[0172] y-fi>>^*- Hffi^^suMfcu o 
□ — ^ — -x?ff t ^-c s *ic cfc y % 2-r>^0a) ^x/v- 

^b350/<mX3 4 O/i mfk<F>^ ~j ^£^^f*#7c 0 =f- 

-r. nm^&comi^m&m y tuifc^ y 1*9 2- 

y . x^^-f ^|ctb-<r 3tB36<^# < . f-^XA-^ 

[o 1 7 3] ^^^y 9 o%^_t(o. 

<D^m& v%m< l. s 2 <*>§ij y 1 o>9J y * 

fiJ=y*»<«jaL/=ci:fCcfc-5o 

[0174] o^y. 

m 2 (OKI y 3ll&fiPA<^b«B#SI«:|Ri:a«i:a>#® cfc y 

*as < . ■■ m 1 0>sj y 2 or>»j y y *3MB36<it.t\ 
c^fCcfcy. *2a>9jyatf^cfcoT9i*Lfc9i*t«36< m 
mwmmmxmti&tiishiaz: mz&mvmm&fr^m 

[o 1 7 5] H2(D9jy«/ss»*^ a<fc**»#= 

&zitib<X%Z> 0 9Hia>l!kt^«2-a>8iy9t«MMAM 
*KD9Jy3MBi:«2(D9iy3MS35<m3S:-5a 

10 u ei mm&i&msttt^&t. ^^^o>*s* 
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^9Jf stt^Jt^r. *H*yi*tt-i o%i^±fpj± 

[O 1 7 7] *Hlfi<Z)^IB^tt. ft1(D*iJ9|(D.^A(= 

S. £zl? hX7f>yii N -p^m* WMffik. 

[o i 7 a] wgmtz-mzwtfs&t LTf*. *iiJ6a>^- 
B.^IB^.Ufcy^i/>y(=j:ft/\--^*^ hayffiu x^ 
^^ ^^P LTtiSl^o L36<L<P3b<&. m 1 om U 
31 & * 3K 2 <7>®J y gin J: y t, £ < L l**U;f £: z> &l\fc 

x ^ 5 <<yi^ ct^n pm y mitmi*. a&*y w* 
[0 17 9] ^f-. **jfia>»».iEi*. fs.2<z>sj.ygsts 

^U^^b, *Slt6<Dfl298<D. m 2 <D#j y ,1f 20 
F7>TX7f>^$fzliOx7 hx^f>^jf|< 

[ 0 1 80 ] £ >*— fcf >^lt U> & t 

«.*Lt\. SB3^(0»«.6T?St^fc..fc5l=. ^^SJ£ 30 
SfJBif S;Afc<>lCJ*G a NS^^H^ ti 1 5 O /i mkTF 
*<fcP£ L < . L < [£ 1 O 0 A< mfelT. 5 0 /i 

[018 1 ] xmrnomm-eit* ii^ijys^f 20 

*f :*#«^*fc*>. « 1 <z>§j y aije'ff 3^ ?> m 2 <7>#i 
y f is*t0^ffiiiA<sp c l i\ mmw 

l< [±i o o Rmi^T-efcAo mmwmmmn&frcDT 40 

it 0f^0^Ptx * (z O x / \— A<9J*l A r L * "5 tz 

[018 2] #tz. *mm<Di&M^mmLtzikm£: k— 

<?M 5 OT/mcfcytK LTl^o CCDC^ICJ; y . flj 

[01 8 3] **ifi.©»»a)»iygt(ciD?LTv i3 0)a 50 



vmt it, gi ©*jy*4iftSLM4«2a)»iyai4>v- 

>*»*br^^^».SjL-c.tau. t^n (b) 
ic fvfi; 51= . B 1 (D»J y 3t ti U < liB 2 coUJ y 3tpx- 

l< i*. ■«i.a>«y^^.&ft%o>My9M«^a) 

^3 f§SI 1 0 0 ju m J^T -e fe A <t j5*8PS L l > o /cf£ 

<7^tLTL L> 0> ttLT* ff 
[0184] (HSfeOff^ 1 1 ) *HJfe(O^S 1 1 it. 

. asfiMc s s »« * jb*- * a) t 

[O 1 8 5] EB.6 : (.a) li. CI^77^7lSffi1 

0. nMGa NI20, IIM3 O v ; ** 1°>^ 
LfcnSGa NJm^4 O. nlG a N/^7;7l6 0 

1. nlA IxlGal-xl N^7^7^ KI602, ;£t£Jl 6 

0 3. pSA I x2 G a N^^V Fg 6 0 4, plG a N 

[o 1 se] jsit(c^16 c a ) mmt^mm^mm^fC 

[O 1 8 7] If, MOCVD;i-eClt7 7^7lS 
ffil O (1^4 2 O /urn) J;(:f^1/im(DnlGa N 
I2 0^SII V MOCVDgi^b^iyaitc ^{C. 

OOnmO)iiftI»lL, U V^77Y- SffifCcfc 
y. "7X<7*I7 /im. t°7f 1 0//m^)Xh7^^ 

*Hl^IOT77-f7^l:, s i c. xe 

ZnO, MgO, S i . Ge. G a A s N A®+h 
77^7, R®t77i7> Mlt7 7-f7SffiILt 

1 Nx, T i 02. A I 203-efc£ 0 ; *ilfl)il1 1 0> 

[O 1 8 8] HVP E^^iZHuffi^X/X— ^-iz^ 

h L. **jRft2x 1 OjVcm^ S i ^11^2 x 1 Q 
18 /cm3J Kr-e>^Lft35<&. i^2OO/im0n 

^f^C50fIilt 2 O /l.m^±a>RJS*.»t:*: 

[O 1 8 9] BfrfBGa N II 4 O $11 Lfc O X/\— 
SyMOCVDgtl^hU ^CD^S 1 tffi 

m&m&mtt-x*. me (a) (c^-rafc»*»ff**if 

[o 1 9 o] JtlBS<k«i#*#**4f tf*— 

[0 19 1] i6 (b) (i. miCD^jy?H6 0 8<tm2(7) 
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S(U 91 6 O 9 0fM^^Lti^o 

[oi 9 2] ^mmomm^ metpcomit^mwm 

eOOlt^ nlGaN|20, ilM30. MK- 
e > $T L n fiG a N 114 O <Dfe»T? fe it3§ K 

-e>^LfcnlGa NI1^4 0CD^ ^fdinlGa 
NI20 £^ff| K— fcf > ^StlfcnlGa NHI4 0 A> 
£«J*S*LTl*T=feai\, nlSl606{t Sg 1 COW 

ir t i /A g^If LtWp 
[0 19 3] ±«E^X>\— i©1*7 7-f 

[O 1 9 4]'»Lv*\ plGa'Na»^ hl60 5± 
P d (3 nm) /Mo (3nm) /Au ( 1 O n 
m) (DimiC. !3ttipSil6 0 7^UV^77Y-a 

[o i 95) «ne^x/\— -ic-tr^ kl, »o 

X/N— O-^^T-TTMS^flJlC. S$2'8 0'/fm % ISIS 
1 OO/tnru fcf 3 5 O mC7>Bt 0>9J U 31 6 O 8 

Ht :(b) '«c^?r«*»«-c»*'Lfc 0 SgKDSjy 

O (n'SGaN|R40) *"Cait* J: ? C=.»'***L 
Tt>-5o «1<D»]y'3t6 0 8©Steli> IIf|:l3 0(D 
tf^^Bl 0/im(Ci±-<X. +#*#t>fcA6. 116 
(a) ■ 5 bi flfitB5 1 (Dt^b(D6i-eMLT 

g*. SStt*^x^fegJb (fifths D fzUBjSfac* 

[o 1 9 6] *:, ^77>T7llMj|C, T i (15 
nm) /Ag ( 1 SOnm) {:j;^nlii606^ 

[0 1 9 7 ] Mivr; ^Xv\— (30-9-^T«Y7«S«[fllJl=: 

7-f7aS«ll$TlcLr5iy#lt % ft£^-V 9*tB 
StSo B£8L X*^*/<— ©$f*^>KM-T?. 
lejS^iH! ( P iGaN=l>^^hl605l@) <Z>d£_L 



X^7-<?t§ 0 ^^X^^^^f$3(C^LT 

3 5 O /im^lCO^^^fC^^^^fCX^^-f ^^-<>^ 
Aft. «2(7>»J'y3t'6 o 9$Mt^ 0 fc*!U I2(D 

9J y 16 0 9 a>»jjittm*. lufBH i a>»j y 3i 6 o 8 (o 

ft <fc tfX ^ 5 ^ ^0)*|pI f i . ltt*i#l^Lt< 
1 1-'20>*fclt<1-1 0 0>SriS3T?fc^ a 

10 H2<o9jy3t6 o 9i±. aetata* *LTt^^j:L^fia(c 
[oi98] x^^-r^. K£^v^£Si&u o 

X/V-£iP— ^^b^LIRy. Ga NSM]^bg< 

□-^--effi^t^ifcj; y N 2-r>f0o)Ox/N- 

^b350/im^f^Blifco IH6 (c) (Z*§ 
[0 19 9] ^^3^(7)ff^-C. 8 5%i^Ji(7>. m^0)M 

rc&Au -^i:Mt^^<t^<. is 1 (7)tij y 

K-t 0 >^^ttfclM^M6 o o £ 

•eiijas-r « J: 5 (cff^ u m 2 (Diij y 3f rig* 1 <z>m y ^ 

(c i£^t;6< K— fcf > ^ £ ft T l * £ fc *!>»»J3&<SS Ci^rofc 

- ^ <t . n cdsi y 2 cofij y gtj: y t^K^ 

^y. »2 0)»jy3tcccfeor9j*trc»i+Lia*<. 
5g^-r:9jtL^fc^{z(i % m 2 y h>mm 20 
9i y anstfT*©* 1 <D»j y ^a>js^a>j5r$a^iciij^-r 

^ff^tt (c^g K-r ^ c ^ tfx* $ ^ fc 7? fc o * tz . 

2 com y x£ «A'«ft«a>iB 1= ff^tt-cDtt. 
< -t&tztbT'fo&o 11 a>9Jy 
40 2(D9l'y3IW*<*3fe*3l'i(± % HS60)^JS1 . 

[0200] *(c % Itt^leo otCSIh- 
fcfV^LfcaSfCOlNTllB^fct -5. HVPE^Ct 

*fTofc»ROfift**»#K 300/im) 

^mi,tzt^*>. Hca««±if:*»s±< K~e> 

50 [020 1] K— LT^&^flt*(Z>«|K(3!) 5 
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L *> L ft i>< £ ... *Sllfi<Z>^SS(O ik a (C*SfSl * K— tf > 
4k^«tt&K£4RJA It t\.« I i I VtkBT 

[0 2 o 3 ] *mm<nmm<Dffi®.xikm F~e>^ 
[o 2 o 4 J ^HSfeoff^-eii. % 1 cosy y storage: 

E C Ri 7 ^ >#5fc*a>*Sfc£JHL*4 C <h 35<T5# 
^x*v hx-,^>>ff£ x "7^^. BRi. 

8£ <b «a£a>$g£-;8 j$« *< £ 0 fc^L x-,^>^ 
£fr 7 #><;: (i. U y => 7 < —Affile J;^7X^ 

[0 2 0 5] ««»ft9l»**ai: LTI*. *Siife<E>ff* 
«TS«^Lfc«T-f-.-^>^lc ¥ l:.*/N— h<Dfik. x^ 

an*. *2 0>wy.-anB«fe-y *je< Lfti+tiiift&fti^fc 
[o 2 0 6] Sfc. ^XfeajBiriH** ■»2<ony9IM 

(DJtmizxV ? * ?£&m Ltztf. JifEx ^ ^ >^;i . 

t>o .. af*s*»<. fios^tc ^j^ja^Pi 

«RI»lc»^X/\— *Biy8»&ffiaA<d>3S:.L^T? % m- 
^7 x/v-fr 6 ^ < cd^ c £ ri<x# Ztz&bx 

-f>?Wlfc^ I1,(c) -5 0 x / \ — co 

x^^^fccD^-. ~^a>*it?g^ff^Lrm^SilL 



(c^m £-e>v£Hxi^&m&<Dm<Kx&& Q 

S:iBLr2 50 : //mSfi*^»< tfc^\ 

(=<fc*.HHM=<fc*t. it^T-f ^^S«(DJl^f* 2 5 o 
m^Ti6^^ L < . * L< 2 O O /i mi^T 

[ o 2 o 8 ] :.*HjS6a>^JSa>4*aii. ^ 1 y : 9f Affi 

un^c^^. ^ 1 a>«iiygf/sfflJi:iS2(DBiiy»is«p 

f*. 2 0 O miJlT^* L < s * t>lztft3; L<l±~\ 5 
5 0 /imJaJbXfc-Sa 

[0210] mm<D%mi 2) ^m.mmm^ 
nmcDi&m t i <z>. 1 2 (7)#j y ^ ^ x ^ ^ >^;i(c j: o 
20 xfimLt-zmit. mmomm 1 1 <t i^xfc&o 

[ o 2 1 1 ] mtmmffcfzyt?^*- $m3kt-%a>m 
^mt. mmcoMMi 1 cms (a) ) tmm-efo 

fcfcL. nlGaNll4 0lt SIIf5 X l O 
20 /cm^ S ilJllX 1 0<Vcm3f K— t°>^L 

[0 2 1 2] ifE^'lb^l##<*^7 , 6^-f^-K^ 

30 [0 2 13] @7 (a) <t|H7 (b) |± % 9J.y«©«M 

0 7.*a>fiikft**ttte7 OOI1 rriGaNl20 v 
SI*tttS3 O. SiK-e>yifcnlGa Nfl40 
a>e?tT?fc5j6<. tS* K— tf >y Lfc niil4 Q (?) 
e^. tfc(iniGaNl2 0 e>^**tfc.n ; 
liG a NH4 Ofrh>ffim$*lXl^X tSl^ 

[02 1 4] ±ia^x/\— w77-f7ass* 
40 [021 5] B?fE0x/\-^y v^^-f-a-e 

7X^MJL, «gSjaSfflO>B*±lcLT (plG.a 

S*3/im, IK5 0/l m, t° V 3 5 O /i mCDm2CD 
iUS7 0 9^ @1 (b) (C^^P^XfF^^L 

I7 0 5±{^ Uy^^^fiftSil^Pd (2n 
m) /A u ( 1 0 n m) SJ£ltpStS7 0 7 

$:rt$ — l'fetiL*%>o *(C S fiJfB p MS ff^fig ^ ^ Q fc 0 
50 X/\— ai(DiUiALWb, 6 5 0°CXN2 
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X. miOmVMfem^. T i (4nm) /Au (1 0 

nm) iz^^nmm^mmi oe&mm-t&o &tz 

5 iC A u0ffcyiCA I 3?£J1 < Sfc- £ 
A*#£Ulv 0 10 
[0 2 1 6] ^IC. Ox/^IIU, 

mm-r&a etui «*B*^*i±6*ts**p«atti 

[0 2 17] BfTlSO^/N—^^V-^— tc-tr^ hi, 1£0 

100/irru tf^3 5 0//m^Hl (DM U 3! 7 O 8 
Hi (b) fs^«H?»*tf»*Lfcp fctfU 

tp&izmmm 2.a>m y s 7 0 9 *t-gtfs £ 5 ic u ^ 20 

-f > > WJj fate & if K ^ -f x ^ > y (£ . M 

fcfe#^#IC*fLT< 1 1-20>tfcli<1-1 0 0 

tmtmfmvmi ootcomcowmtzm-t^^oizm 

[0 2 1 81 i1 CD«y«7 O 8CD^tel±. ssmfti«3 
( a ) 0it5 G, «*|g5 T^t^ b©Ml:ffMlt 

[02 1 9] ?>fy>m Xffi7*?*--£fitttU O 
— 5— l^t^^icj: y „ 2 >r >T<f>a><53L/\—fr 

ftti*tt£Bi y a uyjL *H*yi* 8 5 %sJUtxfco 

[0 2 2 0] *iftOTl7?, 8 5o/oia±G), mMOB 
K— e>?LfcH^a>^btt¥»{*IB7 o 

o^xa^^cfcdic^L; *2(Z>9jy3ti£»S^b 

7 O 3 Met y t m < ff2i£ U 12 <7)fJj 

y aii^R 1 a>»y sub* yti»<«*Lfce:iicj:4. 50 



* ic am a< k— e $ *it in £ fc tf>#9j&s*g ic & o 
fc c £ t . m 2 cDf«j y » *<£ib#¥«{*%%ji&K 
cfc y . m i©i(y*3^*2«>»y*j: y - *8Mw< 
c t iz j; y % m 2 yaii'd <fc o tsi*ifc tiJtL^ 
«JS«BrEI»-eW*L*fc«)(=f*. S20)ay»jSffl 
36^»SB2a>siy3iJSSPT*a>S5 1 a>»jy3ia>JS«G>fiF' 

]R2<D«iy3ije«»^ »t*¥wf**3tt-)ite*j: 

[0 221] L3^L<PA«6. ft2 0>MVX£x?^->4f 

[0 222] HfficD^tei 1 -e^-<fccfcd(r. i&m* K 
Lf=SR0>»b#i¥«l*iR 7 oo^Ilfiii: 
^c* Lfcli^i. Ox/n— g^(7>Ry^/Jx^<. MfE^ 

[0 2 2 3] Jgfft K— fcf Is^f tS +t i» N ^ fcil # (D^M^ 

[o 2 2 4] *sa6<D^®7?{i. m 1 (Dwy^a>feM(r 

i9f>«i:*4WW*jStT*»ltLT#i" : 
x^^>^. y >^5£. l$^t>t- A 

^ D ^17 KX7f>^lt 7 7i, 

L*36<t». SioKy»fc JB2<Day^<fc'y tj£'< 
*^I4. fe*y»*Ll^l*^x.ftt^ 

[0 2 2 5] *tc. *safio>^JS-ef±. m2(7)fijy^ 

Of&J&lz K^-rxry^^'ttffiLfcA^ Ox^ hx«> 
ftlV L^L*3b<t>. *HJ60>^®(7>jg2<09jy3ttt. 
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T > if S * ft 5 fc tf> ( c it . U V ^ ^ ^ -f — fbffiiz J; 
[0226] £P>{C„ @1 (c) lC^J:-5(cSljy«<D 

m * K— fcf > {f £ *L T L \ £ *| #0>B&* T» : fc £ o 10 

[0 2 2 7] *HJ6<DflSJB"T? v *7 7<7iS« 

»llt 1 5 0/im*MJt£T:iW< Lfc?b<. *^#^> 
Ccfc^lilCJ;^^, t77-<7lSS©S*l±2 5 0 
#mJUT#W£L<. L< I* 2 0 0/<mJilT 

[0 2 2 8] *sift<D^ffia)4*a(*.. m.ioayafjsai 
^(cfits^- £ c <t . ii (Dgij y <h b 2 (09] y sjs 

tt£pttK@B&&< UXl>£ Ci:^&^ 0 ■ WGjljOKE 20 
mity 2 0 0/imTO*^i < . * £fC$?f:L < f£ 1 
5 O^mkTF. 5 0/imKl±"e$)^o 

[0229] ^mmcommt. ±e»«*fi*LXLvfc 

[ 0 2 3 O] {^1(?)1S1 3) *HJgO>»^ 1 3 f*. 
mmcOmB 1 frt> 1 P £XfC&UX. C ®M<b#)^#f* 

{*lc»^5*&Xfc<& 0 30 

[023 i ] ?.^^»fia)ejBtt**atLfc»* v ay. 

3f.0>&JiE:&t$)tiu < 1 1 - 2 0 >*]pl3b<^^ L < . 
<1-1 0 0>#!$Xfc&o WIE*|pJ^t». ±5° gjg 
&T*i?hTl>T&&l\ WltZ< 1 1 - 2 O ^frlZ}®-? 

,r»y**»«-!L.* ftmLxx*%&mmi£ (1-10 

0} ®Xfc£ 0 HUlE< 1 - 1 O 0>*»oT 

»>J**»#U j»fBLrT?#^BSI*.. {1 1-2 

0] ffi-7?fe.« 0 

[0232] ^*t&a>*(S<D«^^*>-i±ic«fcor^* 

3b<. 1 1 -2 .0>*|Sj^#t?cfca{=. ±fE 

^^^^(c^SiJt-^c^Tb^SttVo ay?g 
a>ff^^IPl35<< 1 1-20 >J5fa<Dfr-X*mf&£*itz. IE 

^a)S}aa>*iPi*5< 1 - 1 o o>:&ipix. saco*^ so 



< 1 1 — 2 o >^fpj-efe^ 0 c*if±< f y^a^gg^ 

^<i i-2o>s^ ; &<mvmm^ m 

E*iata;r<r^^»aw>Hlt3S< 1 -H o o>^[S] 
[ o 2 3 3] *fc- J:fE*feil^icIiJ Lt; ^ ^ zfftm 

^SHJkPBJItfta y.3t(c**Jnx*^ t =?■ v 

A<Tf*.«&.o ±:|EL/Slt<D_h®^4lcLTU-g)(Dli, 

[0 2 3 4] (IIJSO^Sl 4) 4(i. 

sffiss u*tc«-&<&. a y at^fifts-iPi <t ^ ^ -Jmmz-o 
[ o 235 ] ^ ^ ^sjos^tt-tg: #j® ,ufc«**- my 

<o o o 1 >^rfS]^*L<. ;^(c< 
2-1-1 o >^fnj-efe^> e mtttfafr*. ±5° fijg 
^-e-ffrTivT^&i^ l?rlE< o o o 1 >^rS}(c>0or 
91 y Lv 1 2 ~ 1 - 1 

O} @-efc^ 9 ^fc. MfE< 2 - 1 - 1 0 >^fpl(C^-o 

rsu y ^fi Lx^#^^@f*. ; { o oo 
i } rnxfoz* 

[O 2 3 6] ^^0)^^|a^#^1±IC^oXJf^^ 

[o 2 3 7] ±Bfy.?»«©ft. **i*HRLfc« 
■ **^<0*ia.LtS2lS<DJtk*<. L/S=1. 0 1 
~4A<»tLU, ^^(c$?^L<(i. SrsBft*fl^<7>Sja 
(D*|S]35<< 2~ 1 - 1 0 >*JrJT?. *ia<©*lRl4<<-0.0" 

o 1 >^|p]-efe^ 0 z^xii. ^^^9Ja)^^<o o 
o 1 >3riaj£. *<a93l»au. ai=. frfE^iRi^it 
-<r ^ zfftm<Dmmt£ < 2 - 1 - 1 o>^fS3^/>^< 

[ o 2 3 8 ] ^/c. ±IB*eii««rIiJ LT. 

(»mMttfa&mmizmmi£Lx#mir&m&. l/s 
ry ^ao>H»*a y ate* *io ^.^cttft^, ^ >v 

4C0il-&. 3Mffia>^^^a^G>. 4<&<D*t?a*Ct 
35<T?#^ 0 _tfE L /S it CD J" E£ 4(CLTUv^CDIi. ^ 

(C. iE«LlC<t^fci6T?fc*o for, ftr^Bfil 
M^-r-SS^fi. L/-S^<4 J:y t**-<4oTt.frt 

[ o 2 3 9 ] mmcoftm 1 5 > ^sufea>»B 1 4 1* . 
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[0 2 4 0] ^^^»Wa>S«tt**j«Lfc»*'. 9jy 

at©jKfie*fiitt. <o- 1 i i >*rfS]7b<^^ l < . 

<2-r-i o>*i&it*&^o MfE;£rF£]*N£>. ±5° m 

J»*Tfr*LT'^rt ; ALv; «HB<0— 1 1 "l : >*R|(=Stt 

1 o ] iTSSo MfB< 2 - 1 - 1 o ■ >*ffijk» 10 
otayMML, ftH-Lx-e^ittBii.- {o- 1 

1 1} Itfe^o 

[0 2 4 2] ±E^-y^»«a>rt. *S»*lRLfc* 
£\ ft*Wfii2L £ S <DJ±J&<. L/S = i; O 1 
~4rt<#*Lt\* *&l=»*L-<ttV BafH*^^52 

(D?5fai)<< 2-1-1 O >*|filT? : : *ffl<7>^l«lA<< O - 

1 1 1 >*fSn?*^So ctti*. T^^§j(^#^^<o 

-1 1 *<m»M#8tLt af=:-«dE*ft- 20 

iritxr^S/ ^a*®«r^< 2-1-10 >#jSi£d> 

[O 2 4 3] ±sB*^ii^fCliJ IT, =f-VJftm 

*<T?#5a ±IBL/sj£<Z)_tpg£4|c: It^^axt ^ 
[0244 1 (HJfea>^s 1 6 ) 1 4 fi. 

^co^^fpjfi. <ooo 1 >3frrsj£ l < fi. < 01 - 40 
1 O >#|S3j^£5 7. 6° (D^[pj3b<W^ L < „ ^(c< o 
1 - 1 o>sipj-e&£o MIH^fS3^^>. ±5° 

ftLT^Ttgl> 0 MfB<0 0 0 1 >*fS3(C?9oTil]y 

m&Mfiit* ftmLTT<$z>jmm£ {01-10} mx* 

fe^>c £fc. mJfS<0 1 — 1 0>^fp]^b5 7. 6° <D 

JiSit»otSl'yi$Mi, # st l r 1? * £ as m 1 z . 

(0 1-12) ®-Cfe^>o *fc^fME<0 1-10>* 
10 0 0 1] ffiT?fc<5 0 

[0246] c*Lt>coSifSia)*^^(Ccfcor^fiE* 50 
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